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(57)Abstract: 

PURPOSE: To provide an array controller of a data 
storage unit which is protected by a parity as RAID level 
5. 

CONSTITUTION: A storage unit is dedicated to an 
assistant unit 104 for writing. The unit 104 serves as a 
temporary storage area for data to be written in other 
units. When a controller 103 receives data from a host 
computer 101, the controller 103 first writes the data in 
the unit 104. As the unit 104 is not protected by a parity 
and just serves as a temporary storage, it can write data 
in order without first reading the data and also can 
markedly decrease the response time. The controller 
103 immediately informs the host 101 of the fact that 
the data are written in the unit 104. The parities in an 
array are asynchronously updated. In the case of a 
failure of a system or a storage device, the data can be 
regenerated by other storages and/or the unit 104. 
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i/ • - ^>hu—^t, 

• X F Is— is ■ ZL~y F2r$^ ±E7 r -£ • X F Is— 
is • =L-yh<Dft(0'}>%:< £t> 1 -ZKDX b\s— • 3." 
v h(±s • X F U— >* • a-7M- 

fro, lEf-?'7H/->*-ar7K!)fliO 
4>&< i:&3O<0XFU— iz-rL-^hti, -9--lfX • 

— # • X F Is— is • fuy^^tsx b Is— is • -7uy 
^©'M<i:tio©xh7^yi:, fLt, ±E-r- 

• • xhb— >*• 7n-y^4ncx FT^nfcx-^O-r 

— $K&&*-£tstcisb<D'p%:<. i: & l o<£>-r— ^TCSX 

iga-rs+i— ex •f-?-xF >' • =l—v 

X F Is— i? • ■s r uy^(D±Ms\Y^s(-f^(o±Md.7 ! —-5t 

/Cfix f \s—i? • 7uv5Kmm-f2>tctb<D±M^zs-v 20 

a— 7<£«^|§i;, 

±I2-r r -^ • X F Is— is - =L=.y h*tXh7?n5f 

iE^&^fflEx-* - x f is-'J • a. - y h tcx f 

7 £ ft 3 ±IEx- £ 46 <D3MS t s 

• x f u-s> • zl-v vizixd.'f-^^m^h.tm 

T\ ±!H-9--tfX • -r— 2 • X F U-i/ • a.- \y F^-r 

30 

ttf^7©ilft]©^^s ±E7 r -£ • X F U—>" • — t-— 

• i/X^AOX F U— • +J-y ->Xt"Ao 

— £ • X F U— ->* • z.—yhlzZ.hT-fZtcltXD^&Z 
d€f»*flt 1 tcEttOn Vt?:x-£ • ~>X^A<DX hi/ 40 

[»*«3] ±IS«»Lfc-9"-ex --r-^ -XFU 

#4i<£x-# • X F U-->* • 3.- ^ F£X F72ftfc& 
fc, JLEfcWLfcU— ex • # • X F >* • 3i— 

V b t LT±E»*ii*«fcx-* • X h - o.- 

V FfcMfFT Z>rc#><D^m*^tsmmm 2 tcEttcOn > 

[fflt#]S 4 ] ±12 -r- * TiSX F U- ~>* • 7 a V » 
«\ ±Ex-£ • X F Is— is • ^av^ef &CX h7?tl so 



tcT— ^(D/^VT-^^tStztbO^^Vr^ • X F Is— is 
■ zruvtZ'StsmX.m l KEit«D=ive:i-* • *>X 
•r AOX h U— • ^y^rAo 
[W*«5] Xhlx-i/-7n7^<?)±EXh7^y 
£4>&< tfe 20tDXh7-ry5r#^ ±IE^Ux-r- 
X h Is- is -zra>y>7te. =5 *? > F • a e>©®»T?± 

E-9— ex • -r-^ • x f U'— >* • ?.=-v b<Dmicft%i 

JA^ite-r-^ • X h Is— is • =L-y blcmz&tstztb 
0±E#SI4, ±8E«^ji»?ittx-^ • X h \s-is • 

Sheriff jRJK l lcmm<D=i>\f=L-^ ■ iss\7-L.cn>s\ Y 
Is— is • -9-yi/XT-Ao 

7 ] ±IEt ; -^ • X h Is- is • 3. - F 4HC 
X F 7 ? tv5 -r— ? *S»Blfe fci6<D±IEn > b u-5> 
* 0±IE^mtc (S§LT, ±§Z&im <btltcT-£ tf± 
IE«^3i^ittx-^ • X h U-S/* • Ffc»tri& 

tt, 

±IE*#^fflte7 J -^ • X F U-y • a; y htcx F 
T*ti5±IE7*-^*§^3ityfci60±lE¥St±, ±IE 

• X F U— i>" • n->>> F{Ct="-^^# 

#jAtyc ttzsmmm i fcE«©3>tr3.— ^ • -> 

CSS^3H8] n>lfa.— ^ • ->X-xAcDfc46tDX F U 
-i/'SItfc-^T, «#iA^i«Ex-^ • X F Is— i? ■ 

=LZZybt. 

ffl&mos*)-— ex • -r— * • X F U— • 3.-^ F i:, 
±E1i»fflO-9--ex -f-J-Xh L^-i/* • 3.-^ F 

±e-9— ex • x-^ • x f >* • bicmz& 
&ft&7-z*±.mm%Thwm : f-'!? • x f • 
zl-v bficmmzsibTrz^mt. 

±EX F U-->* • rL-^y FO«S«*tlKfc^T, V— e 
X • x— 2 • X F U—>* • zl-^ F^tcx hT^nsf 

±E#£&a4iGE7 J -2 • X F U—>* • a-7h©t(i: 
±lESt?nftf- ^ ^X F 7"T ^r^ty =i > e 
3.— ^ • ->XfA©X F Is—is^Mo 
C»*J19] ±Ex-*7i:fifi£*ifS-r£±E3M£ 

a, 

XF U— 7D7^©'>4< 100Xh7-l , 75 
^&X F 7-f ±ffif-? • X F U-v 5 • 7d 
^ i7 <*HCX h 7SnT^«f- ^<D^ 'J r-^^tstztb 
<D?—ZmS 1 OCO/^'J-r-Y • X F • 7D7i>5: 

^•tyfc46tc. iS»0r-? • X F Is- is -fuytrZ 

±ex f is-v • -ruytn&timmt&v— 



ex • x— * • x h u-v 1 • 3.— "y F"t«fc#$nTv>s 

±EJt&<I<D7 r -* • X h U— v> • ?D7^0MiJr^ 

±ESSM@£>7 S -* • X h U-iS • 7a>y*cD±iH^U 
-r^^E^U-r-r • X h b— ->* • :/cry*©(t>KX h 

^ hOSMWHfcfcfe^T, iES^-MSC:^-* • X 10 
h U— >' • =L=. y K0»*ii*«tt«fl|*«»-r6#a 

ftU»Lfc±lH-9— t!X • 7 s —* • X h U-zs • =i—V Y 
t LT±iE»^j2^H£7 s -* • X h U—>" -az7h 
*ttfFr*¥©i: 8 fcl5*<0n >e:i-* 

Xhlz-v' • :/ny *©*!>£< fcfc l o©xh^^ 
— * • XhU— • :7cry*£; N ±§£7*— * • XhU— 20 
#£yfca6<D 1 ocQ/S'Jx-f • X h U— Z/ • 7n*y*£:^- 

±Exbu— yuy^o^^n, mm-? %•*)■— 

tTX • -r— * - X y • 3.-^ h^tctsnTt^ 
±Effi®tfI©-r-* • X h Xs—V • ^uy^cD^Vr-^ 

^.#®i:^#trif*3S 1 ofc:E«©=i>e:i— * • >X x 
-r A©x h U— S?g« 0 

carats 1 2 ] _h!E+>— ex • 7 s -* • x h u-s> • 

* • x h V—'J • hifucffl^fcx h7"r*±E¥ 
±E»Si&#fiKS:-r— * • X h >" • zL-y h 

&«dtrM^H8(uEtt03^^— *©X h u— s>St 

Bf#3i 1 3 ] ±e-9— ex • X h U-^ • h 

fc»*i&sfts±E7*-**U:E»#i&**iiffix h u- 40 
±E-9— ex • x f u— • 3.-^ hicwz&mtL&T 

— **±E*#i&#*H£X h U-->" -az'n 4HcBgB# 
^XhT-rsfcii>©±E¥S{±, ±ESJR#SK:J:ot 
fTfttonfc±E»SK(S»bT±E**ii*ffl(!E^ h U 
— >* • zL->y hfci-r-^S^iitfc: t t%&tsm&m 
8 tE^03>eoL— * • ->XfA©X h U— '^i. 
[|f*^l 4] 3>lfa-3! • i-X^AtCfeO^T^- 
*£X h7?Z>titt>(D?jmc1S^T. so 
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JSiSfS^-t-ex • 7 s —* - x h u-->* • zl- ^ hifi(c 

7 s - * X h 7 "f & X r- V 1 1 % 

±IEWRfilO-9— ex •f-?-XM/->--a-n 

±E®Bf-r-^^±Ea»«0-9— ex • 7 s -* • X h 

±Ea»fl©*- ex • 7 s -* • x f ■ n-y h 

ISSMBMW— ex • 7 s -* • 3.=^ h{c±IBMIfrx 
-*5:«^jity±EX7 i> y^ , «, ±EJiftI•r^Xx > y^ , 

±E-9— ex • -f-* • X h U— : V • h£D®!^» 

fe^c^3^/^T^ 1 o©+)-— ex • 7 s — * • x hu— v 5 • 

±E»#ii»«{fcX h U-is ■ hfc±EW**n 
fcx-^^rXhZL, ±E-t-ex • 7 s -* • 

X h U— • 3.- y b<D±ZZttim&gac1s^T. ffi^L 
fc±E-9— ex • 7 s -* • ^--^ h t L,T±l2«^ii^ 

7 s — *OX hT^jSo 

1 5] a»flo-9— ex • 7 s -* • x h u- 

• =L-y hctJtC7 s -*^7CftWcX h7t5±EXf 
^^ti, X hL'— • 7P7^0'>4< fct 1 OCX h 

7 s —* • X h • 7D7^i:, ±Kf- * - Xhl/ 
-■>* • 7a^*iti{i:x FT^nfcT 2 "— ^©^Vfi'^t 
t? 1 OO^'JH • X hU- • 7a7^i:^^ 

±EXhl/-i?-7D7^0Mit 
e*X • 7 s —* • X h U—i? • hctajC#^nT(/^ 

±E88S«of- ex •f-^-xH/->--ar7h 
KJJSairf- * ^/C* Wfc » * JAty±Ex 7- >y 7°(i, 
II?niXH/->*- 7D7^dXh7-l'7©±I2^ 

1 4 tcEic<07 s -*©X hT^?4 0 

ns«^ 1 6] ±ehsi©*-i;7 • 7 s -* • x h 

• 3.-^ h^»^ii^ni.MSf7 s -**. tt^iA 
2tfifeX h U-i^ • h{cff#5Xty±EX7-^^ 

±E»^^SfiEXbU-> ! -a.^i'yh^o|iSSO 
(it«tc±EMgf7 s -*^#^iitrci:^#ty|«^i 4 
triesj£07 s -*ox hT75"?So 

1 7 ] ±E«»ffl©-9— ex • 7 s -* • x h 
U-i^ • =J-~y htc##ji*n5±ESilr7 s -*«±E 

»c tt^-r 5 xf y y t , 

±E1fl»fflO-9--ex • 7 s -* • X h U-i/ • zi-y h 

tc^^iisnsMSff 1 -*^©^^^^ h u-i/ • 

zl=. y hlcW2&tS±iZX7-V7"l£, ±ESiST7 s -*^ 



±IH«*ii*«tt^ h \s-V • hfcWZ&ZriZ 

* ns c 1 1 m^m \ 4 icmm^- ^©xh7 

[|ff*^l 8] riven.-* • ->XxA©fci6©X t- 

• nytfa- £ tii{rr37-ci6cD*X h • a>tf 
a.— 2 <D-< > 2 — I x i: , 

• X h U— is - =i—y b tmm? Z>tclsb<DX b Is— is • 
=t-yb<D-0^—yjL—>\^^ ±!E-r— £ - Xb 

h£OF f gco^< 3o«;Ht- ex • f—Z • x 

±12-9— If X • x-* • X h J? • a." >y bit, 'J>% 
< tt> locoxhu— i?- 7uy SXF7^ 
x-2*$tJfc&»?gtW@©-r-* • X h U-S? 
•T/cry^i:. ±Ex— 2 • XhU-^- 7uy?mc 
s\b7Zntz s r-2(Dv :: —-$'KS.&*'$t$tcib<D'pl3:< 
tt> loof- £/LSJg<DX hU— :7ny^i;£:# 

#, ±Exhb->*-7D7m«s> usii-f^+r— 

t*X • x— £ • X bis— is • Mc&StlTVSC 

tt. 

XhU-y - 7n^^<D±IHX ht7^74><D±Ex— £ 

±E*Xh • 3>en-£fre>±Ex-* • XhU-: is 

±E»ffii*«ffiX h V—is -a-'yhKXhT^n? 
±Ef- * *» £ Jity^S i: , 

±E*#ii*«ffiX h U-5> • 3.- y Hc±Ex-#3: 
WZ&h,tc&T\ fro, ±KU— tfX -f-^-XM/ 
-->" • rL-'V h<D^Ttc±Ex— ££»£&£ytOfc^ 

t, 

mft<D&T*mmLrcm^ ±Ex-* • x h u-a • 

azyho^ftifr l o*<&Htbfci§#fc:» ±Ex— * 

U— • ^7->XfAOa > h a— ^ 0 
[fll&g 1 9] i&^Lfcx-* • X h U-is • y 

• a.- k izx b rt z^mzstsm&m 1 8 tew© 

X h L— • ^7->XrL©3 > h a— ^ 0 
[IS*® 2 0 ] ±HESM» U ex-f-^-Xh 

ii#M(fcX h >* • Rex bTZtifzmc. ± 
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ifX •f-^-Xh U-->* • =l- y b t 

#S**«y9l*« i 9 fcfS^cox h u-e; • +»-^^xx 

HMOS 2 1 1 JiSSx-^TlSSX h U-^ • 7d7 
ftt» ±IE7 r -^ • XhU->*- 7'a>y^4i^xh7'^ 

uv?%:Stsm#m 1 8KSE*OX h U-is - VZTis* 

10 m&gi 2 2 ] ±BS»#a*»ttx h • ^--^ 

h fcX h 7 , ^nS±gS7= r -^^r»^iAtyf ; :i60±IE#S 

X h V—is • +)-7->XfA©3 V h n-7„ 
[|»*5I2 3] ±S*Xh • nvtfrL-^^e,, ±|E 
x— ^ • XhU— is - h^txhT^n^f-^ 

20 ±IS»^ji^?ifiEX h U—>* • a-7KcXI-7Jn5 

h \s— is • =l- y b tc»tiA^ni. c t t^tsm^m. 
i 8 icfEffiox h u— i? • *y->xfi«3 yhn- 

m^mz 4] n Vt°^L— ^ • isy\Th,<Ds\ b \s—is 

«i!tfflO-9--ex • T-Z • X h U-v' • b 

30 5:f-^-XhU--/-azyht 

±IE+J--trx • -r-^ • X h Is— is • =L-Vb<DMi&%: 

^ • x h ix-~>" • bzmfttz^mt. 

±IE«^<@«*-tfX • 7="— ^ • X hu— 5? • ztr:^ h 

±sst ? -^ • x b\s-is ■ =l-v btftmhrzm&ic. 

■9--kTX • • XM^-v'ff^xhT^nfcx-^ 

40 inW*-r— * • X h >* • h(t»tc±IEB^5n 
ftf-^5:Xh7U &©Lfc-9— l£X • x- 

^ • X h U— S? • 3.^>y h t LT, ±Ef*taWa-r— * 

\s=l--$i • yxfA^x h u— >"gi. 

'>^:< 1 0©X h U— V • 7d7^iOXh7'fy5: 

-?-Xh b— >* • ya^^i:, ±E-r-£ • X h U- 
so ->* • ^a^^cf^x h/'Snfcx— ^©/^Ux-r^^-tr 
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fctb(D 1 OO/^'J 7- 4 • X h U— is ■ 7 my? tZS 
±IEXhU-> ? - 7uyt<D&*Ht, 

£7. • x— * • x h is— is • =L—y M^snr^s;: 

±E«affl<Of f — ^ • X h U— 5> • 7"ay *<D±IE^U 

T -5 fc*6<D¥S £ *dtf»*« 2 4 KgEB© 3 V If 

2 • ->X-r2*<DX h I — i'SBo 10 

[gi#js 2 6 ] isimimo*)— trx -f-^xF 

2 0©±§EX h 

±§E^Ut l 'i • X h \y—is ■ zruyflt. H • a 

±SE-9"— If X • X h U— V s • z.-y h-co 

Vtfa.-^ • ->XxA©X b U— >*gf. 
[?|JE<OI¥*fflS:tttBJ] 
[0 0 0 1] 

[gH±<0fUffl#»] *ft9J!tts 3 VfcTa.- 20 

•xn/->m .towmc^*.!*, ^§i»f-$ 

[0 0 0 2] 

F^f 7\ OS 9 x ^§idf-^ • X h U-ygS* 

(SIB) L*ttfttffc6fc«/\, 
[0 0 0 3] • v-XxAtf^e&tK Si 

twjSLT, x h u-s?isiioastasfi, as&tfeig 

73. ^iiOT'^a^^t/^XhU-^geo^^^^rii 

[0 0 0 4] gjfie&OT, eg^U^U^r'-^TLfia 
(data redundancy) & fci^ClgfiJc^ tlfcitgfT 

*-bX • Xhls—ismm<OTU'(Kj:%%:&g%:Mlt>% 

T< TR A 1 DJ (RedundantArray of Inexpensive Di 
sks) £ LTfcl'aftTt^&o 1 9 8 8 *F 6 E ©ACM SUGMO so 



•fcOTffilTj^frfc TA Case for Redundant Arrays of I 
nexpensive Disks (RAID) J tM? £f?Se, TCfi^COg 

^rofcjgic^^^R a i D^a^^-fytfiE^sn 
^nfcRA I D©5o©*-r ye^SLT^-g.,, — 

A I DcDSsi<DS*^^:^fe©{±, f£S£&©7 ; -'. X? • 

[0 0 0 5] vxDfit&m&m^rcR A I dcdu 

^<;b37bMU^5 (1(1-^, RAID-3, RAID — 
4. R A I D— 5) It. 7 : —?Km.&CDr ;1 lt><D^V7-'( 

H'cjaO^OfcX r- i/->lirt«#£oiiitii:x l- 

t snfc-r ^tof-? • un-Fosffi!iw*Titaa 

SE (Exclusive -OR) Wmi££ OMSW. Ctl^rJ^e 
-fn«\ NIOX h 1/-^B<07 Wtt^T, Xh 

S-tryHi, /vjf'i' • Myvo-juyzintzTctb 

(n— i ) <i©x h v—is^m^f^—y^^n 

ffiBfc&s i o:fc^©tfy FfcioTSMftWtf-T'iMS* 
ft, ^fC, WJf'f • ^D7^a, m.KXDXbU— 

[0 0 0 6] Me, R A I D-4St>*R A I D-5{±, 
JS£LTft<l5-rSdfcfc<l:»3W«m*&ftSo CMS 

s-rn«\ x k i/— >*gio^i*i! t)/ttM^7 
?©f-f x^cf©ffilc£>x— ^tg 

SCJi'-bXT't^tl/^CtT^So 7KH1trr^4 7 

6 1 7 8 5#eti, ;<Uf^ • fuyttfT WfOX 

T r YX^F^(D^U-r-i'^SgT-rsftS?:. 

K7-( 78Bfc»H$S nfc i: #e± u Stt^±coii^^ 
*a— -Ti. 0 /^-yy#tt, ±a<D*B^fr<D7 U 

-f\ R A I D — 5 ^Jltl/T^So RAlD-5«, ^ 
*-VVe±OT%«£nfcffi&j£A.f£U-S;b<DR A I 
Dt'SOT, ^Ux-CT'^gS^nfcffi^R A I D£±|n] 
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[0 0 0 7] ffijiLfcM^SX (R A I D — 
4, SfcfciR A I D-5) SrWU AiJf^t'SIJtl 
fc-r-TX^ • JH'KioTti:^ 1 -OCDmmit. -r- 

wmicmm? 2>&mx*&z 0 RmmtLxit. ±i$£>* 

[0 0 0 8] ftS^nyto-^ • ^x-rAfcfei^ 
T, **«UlSfi (CPU) It. XM/->"giJ:H 

-5 fc&fcliftg tt^XM/- ^gg£ «fc 5 2 jS<D»?^® 
BK:fc^Tx-*tfM#h*nSl:T% C PUtflffSf 

s^H»fc. c p u#*x *<D$m*ffiftn]mc-rz c 

[0009] RAID- 3, RAID- 4, SfcttRA 
ID-5«100^'Jf-l'-7ny^(t x— zn&m 
(Dl-DCD L x.&V'o C 1 OCX h U— 

Ztte&M-fZo MLSA^, ->XxAfcl:, l^OXh 

TOfc, B2<D£sBjb<tt»Lfc&&tf, S^flift (cata 
strophic) x-£ffi9c#£U&o «K»{tnr^C«H^S 
ftfci/X-r-A^+J-tf- hf ZtclblZL, f^y h • X^ 

U— S^B't'Ox— *7h • X^7©^Bfc:*3t^ 

t, na^n, xhz^tu fit, -x^ji 
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[0 0 10] 

[a^*»Lj:5i:r*a!«] *ma<DBmt, 

\£=l— £ • ^x-r-Mcfcl^T. -r— ££X h7-f 

[0 0 1 1] *fgBJ©te^gWtix 3^tfZL— * • ~>x 

io [0 0 1 2] :*3gliB<Dfte<Dgfl<H±> XhU— i/gfi^/L 

[0 0 13] #£Si|l!©A&©B«f±, X hU-S?gtB*3fc 
fcltt, x h U-i?SBOJE17 W*f t«nye 

[0 0 14] *fgB^£Offi«DSW«, X hU— ^BOTC 
17W5StS3Vtfa- £ • ~>XxAfc::fct^T, 2fc 

[0 0 15] 

[H%^t £>fc46<D^IS] X h U-S?SB®7 u-r 
• =H/bxn—^ltTU-ffp(OW.WLm<OXbly—^m^ 

-f^ • ^p»y^ti, *BtifflF$4 7 6 1 7 8 5^fcK«. 
^nfci3^ (RAID-5) M?n4<Dtfi$L 
t/\, 7W • 3>bn-7li, t, 

[0 0 16] TWffOl O<0X h U-S?(BB«x 

MffiX h \y—'J - h tt. 7 ^©fficDX h U— 

- o.-^ htc«LT»^3i^n§x-^O^Bt6<]>S:X 

gtji^SfiEX h U— is ■ 3i=.y bQHDy*— 
HU— • ja-y Mi, *ftSBSB#B*I^:XM^— i?*© 

[0 0 1 7] 7W • 3>hD-7(t x-^A^ffi^ii 
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ufcfflsi-rs. etui, ±&vxm¥fmcsd®t£ nrc& 

[0 0 18] XhU-^gOflliti, MSrSftT 

it, «*a**lfiEX h U-^ • a.- <y h fcWEHH.:. 7 s 

7*— **M«?U««-4o S^&t>*fifeX h • a.- 

fcx h U-^gifOf-^li, x h U-->* • h- 

So SflHC, 7H'-3>hn-7lttf 20 

©Ki&gfclfSS^-g'A/evSo 
[0 0 19] Sifc, »f?i£#«fi:X h U— • 3.-^ h 
l±, XFl/- •>* • a - 7 h®7 h U- 

ttl* LftXhU-^gfcHof-^B, ffi<D"T^ 

&X h U- V s -a-n tt, **ii*ffl(feX h 5? • 

itKitsiMit. scot* • ->x 

ift. l^u x— ^te^tcffigjarnSo « 

[0 0 2 0] 

[*S60ij] n i «\ *wm$kmmo^^-e^-z • ~> 

mi 0 O<DiSfi;IMit7n-y^0T'$5o * 
X h • 3>fcfo.-£ • ->X-rA 1 0 1 OiTR *X h • 
tWv) It. -tVX£ • KD7W 

• 3>hD-7 1 0 3^StSSl)Sf-^ • AX l 0 
2 £jffi{g-f So 7H" • 1 0 3fci, -r— £ 

• x h i o 4 jus i o 8 oft^sya-r *. 

Mff&IISfeWctil^T, -r— £ • X h Is—is&m 1 0 4 
7!)M 1 0 8 It. iHje^x-rx^cDX h U-yaiT'S so 
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7W • 3VhD-7 1 0 3(CgS?nSXhU- 
SSKSIST?* 3. l^t(±«3>hD 

—5 1 0 3tf*x h • nvtroi-^ i o i jcgarr-^s 

©tSSKSAretr*. *Xb • nytfa-^ l 0 l 

o*p^T*fentf, *x h • r:>tfzL— ^ lout ii 
^ ^aasgg (c pu) , *-r>-**y, rtgpn 

-^•v'XfAlOOIt I BMCAS/ 4 OOnytJ 
zl— £ • i'XfAT'feS^ {fecOnvtfn.— £ • ->Xr 

[00 2 1] tVX^B 104ii, »#&*4iH£X h 
U— 5? • ^---V hTfeSo g*)©-7VX* • ja—y h l 

0 5JiiS 1 0 8f±-9--tfX • X FU— 'J • OL-yhtL 
TSst^nTl/^So «^5i^?lffiX h Is— is ■ 3L-y v 

1 0 4 13\ -9"— tfX • X h U— V • =l—V M05 TbS 

i o 8 izwz&mnz'r-zcnrcisbcvMm <ox h u-y 

Mi^T'^So #-9"— tfX • X h U— V s • =L-y M05 
TbS 1 0 8©X h U—i?ffim±. 7D7^ 1 1 1 TbS 1 

i stc^awtcTi-fJ^nSo ^^!f^*^ifi^J^ct5v^T^i, 
f^X^ • h i o 4 JbH 10 8«, iHiuiHti^a 
fc&o^gi&icisi— ox hu- v'gf (xh7?n5f 

TfeO^ •?• LT, ^a^^l 1 lTbSl 1 
^X<DXM^-i/*-a.->yh, Sfc»4, S^ofc-9-^x* 

«it±«!iffli«««iB«Mb-rSo 

[0 0 2 2] ^o*>©^— trx • X h U— • =L—V b 

?<D-tVblt. Xh7-f^ (stripe-*) *Mf£?Z e 
m 1 tfet/^Ts X h b— • 7D'V^ 1 1 1 Tile 1 1 4 
«\ ^ltDXh^-Y^lifiKL, 707^1 157bMl 
1 8 US 2 OX h74'^MLTt^„ §Xhv^7 P 

*ilfiSWcfev>T, -r-^TLfifiti, SXh^^ 
lOCO^Ux-r • ya^^ojgS^^oTt/^So ^'Jf 
-{•7a7^1 1 1, 1 1 6 It. 0 HCfcl/^T. Tpj 
t^LT^nt^5o SticO^P^^l 1 27iMl 
1 5, 1 1 77bMl 1 8ti, -r"— ^^X h7-TSfco6tO 
f-^-XH/->'-7o7n'$5. 7n7^ l l l 
TiMl 1 4^fi5t"TSX h^^^Ofc^cO/^Jx^ • Zf 
aWli, 7uW 1 l IT'&So ^'Jf-f • 7D7^ 

[Hi^xh^i'^ci?a-rsst)<o7o^^cp©7 ; -^ 
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Co o 2 3] &$?%mmmic3s^T, yOJx-f • 7av 
aftofcit— tr x • x h u-^ • n.- ^ htcR^oT^ 

x-* • 7ay*±») t>» &K>m.mcmiE 

^n-5o SfcOfc-tf-— If X • X h U-i/* • xl~ >y h^DF^ 
7 * -tr X © ftS*»tt-T 5 c £ K «fc oTl±^5Ji#-r 

[0 0 2 4] ±j£Lfc«fc'5K:, • 

-2/ • a.- y V *<DX F U— ^SSWSrX Y ^^-/cr>^lz 
mQ^TZCLtlt. ±^<DMmm^4 7 6 1 7 8 5^ 

[0 0 2 5] 12«> 7W- 3>bD-7 1 0 3Oi 
as^-r^ay^^TSSo 3ybn-7l0 3tt> 7 

U>Jf&%:-?u-kW 2 0 1 fc, • 
X-^'J (RAM) 2 0 2t, ;W-^^-7X- 
X(e]SS2 0 5 t> BS£ftfc«ofrOrt8BIfBifr&fl-L 

0 6 i:%^T'V^o ^X • ^>^-7l-X@IS2 0 
5t±, SSilfiMX 1 0 2^LT*Xh • 3>lfa-^ 

1 0 lftSfflU ■?• LT, *Xh 1 0 Db^Se-TSo 
T-YX^gH , y^-7X-X0ifS2O6(i, f-TX^ so 
gil 0 47ill 0 8tc*fLTiM{gU ^LT, *ft& 

, n2 0 1tt *^'7 2 0 2 4>(CfSt§X F U— S^g 
lW7n^5A2 1 0*mfr?Z£tlcJ:-DTTl"f 
• 3>Fd-7 1 0 3<Dlfift**JfflJ-rSo 7Woy 
hD-5l0 3ti, WTtPMn5<t5t, ^Uf^ 

[0 0 2 6] ^t'J 2 0 2(i, fflmPJ-t^WR A 
M<Dg|5#2 0 3 ^IRttmsy*RAMO»» 

2 0 4mwii o ^SfgttR AM 2 0 4 «\ 
A©*S#*7fcfcOfc»£-pfc-r— R A 

«5£ttR AM 2 0 3(D^it, i/7>Tl±CDW. 

^t'y^RAMIsliStt, RD£«3£{ffiT*;&*K fro, 
5I14R AMit) feSl/^i'-tX^S^TI/^. 
SeoT. *^#©fig&x-*£Xh:Tt-3fciM;:«\ so 
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fT'fi-S.y* R AM^fflV>S<D*W^n^ 0 S»^Hfi6 
Wcfcl^T, • 3>fa-7 1 0 3 <Dmm<tlC& 

m%mmfv?5L.<D~m±. ^wr^r AM2 0 4K 
it. i/XTi±tfmmcm.M*ts>xi£tirzmic*x f ■ =* 

VtfxL-* 1 0 1 K£*U f LT, 0 2JC^^ 

tlfc«fc3£ ^t57!>RAM2 0 3 ttXhJSn 

[0 0 2 7] 2 0 2«\ a#**JI50!lfc:«£Ofc» 

#&*ffifiEX F U->> • XL~y KOftfEfcfcife-f S&O 
fr<DU-ri— K5^T^S. ^t57^RAM203 
0^05feSS^'JX F (uncommited list) 2 1 2 te. * 

T-££> 0 f^C 7W • 3>hn-7 1 0 3WXh • 
ui/\^=l— $ l 0 1*^0 r#^ii^j nv^F^rStf 
F U-v 5 • xl~ >y h 1 0 4 tc## 

c £;&*X h • a>fcf;x-£ i o l K:<l^«raiofcm 
T\ f-^A^-^X • XhU-i^ • n-y h 1 0 5 75 
S 1 0 StettLT^Bte-r— *tf**ii*n-5ffiK:, ffl 
#«, gTCBSIHWfciBgtfa&S. *«£'J^h2 1 2 

t*§„ -r— fcTX • Xhl/- V • ol-^ htc» 

nsi^tc, *ss^uxh2 1 2WH&Mtt<Drcibicm 
mmas^T. h u-^ • xl- f i o 

4 ^(DaJ^&COT F PX • UXFT-fe-So 
[0 0 2 8] ^FfflftttR AM2 0 4«, tt!BUn-K2 
1 1 ^^T'l/^So «JB««tt, »^jA^fflffiX h U— 
>7 • 3.-^ h l 0 4 0StSJrbV»*««<i!)»#3i*ftft 

^ r a M 2 0 3 ©rt£*MSifc2n;fc»fob<£ Ufc«^tc 
7*— **lfflMiU fLT> 7H , *0§f^Xi7 -a. 
x«v h 1 0 4 75M 1 0 8(DW&<DVim dP^x fOlx 

3.=-VbtLTmf8.ZtlT^2,<Dt)\ $fc&±-9--lfX • 

^^r>J 2 0 2tiffi«DUxi-K?r#tyc:i:A^# 

So 

[0 0 2 9] W7'ny7A2 1 0 0 1/3- F 
?:X h7"TSC irtiDxT, WS7^RAM203 
ti, X h U— v'SB 1 0 4 TbM 1 0 8 

sfctt, ^necoxhu-^sKii^jisnsT 1 -^ 
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[0 0 3 0] *fgl!Hfc&gfc>N- K'Jx7StfV7h'> 
x.7<D$rWLlcmmLT. zsl/\d=L-^ ■ i/Xr-l* 1 0 0 
Oiff*ttTKK«t«, • 3VhD-7 1 0 3 

ft.ZfmmztitzT'fX? • h i o 4 7bM l 0 8 
«, *X h • 3i/fcfj3.— £ 1 0 1 fr£>« 1 OOX h U— 
i'-iyf-l'f^tLTlx.S. *X h ■ 3Vtf3.— * 

l 0 Hi, 7W- i o 3tc*fLT 

RDF r##iX^j cinG>©n 

* l 0 l f4, M^y-r-r&tfay'ho— 5 1 0 3£<fc 

[0 0 3 1] iBttOJBfEfcfcl^T* h U 

—2/ • zl-^ h 1 0 4 14, »^&2M?fflT*&OT, 

10 3«, *x h • nvtf^L— ^ l o l rM 20 

^jb^Vha— ^CD^V^-S^^R AM2 0 3(D$>IC& 

5^fft5o R AM2 0 S^fclg^ftfc-T 1 — 

^t57^RAM2 0 34'Of-i'ti, 

AM2 0 S^Cg^nfcx-^tf&ttmf, -r— £ 

AM2 0 3©cf>KK*ISl5n, LT, ^t5 7^R 
AM 2 0 3fr£>, *X h • Ul/\t=L— £ 1 0 30 
*x£><> ^V^S'y^R AM 2 0 3 0-9--rXJC)Si:T, 7 s 
^7^~V^RAM2 0 3"t'^XhT?n, * 

(OtzO)/^— *?3Z/*\ ffiC^t57^RAM2 0 3iD 

[0 0 3 2] r#£&2*j ftflFtt, 7Wo>hD- 
&**X*) 14, g£i£**iH£X h S> • n-^ h 1 

n>tr^-^ i o i jciiai-rsBf^si^-rso m2<D# 

|WU8©*X^ (0 5fC^Lfc-9-— kTX • XhU- v 7 • n 
^y h'NCDfi^ji^X^) 14, -r— #S:«£jA£rc so 
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[0 0 3 3] 0 1 tCfct^T, 7U-< • nvh 

a— 7 1 0 3 4><D r##3i^j l&f|H4, *X h • n^tf 

WK14, ^^'J 2 0 2"f <D«^&2*r3-7>'K<Df#-5fT 

-^c&ii-rso iSisa»#&**x*i4, 0 3<DX7^y 

[0 0 3 4] X7^y73 0 3(C*5VT, iS3Sfi[##Ji^ 
£X7t4, «ll/n-K2 1 l5:f-xy^LT, 

nr t ■» * *>g^*i»s-r 3 c t «t 

OTBStetSo eu +J— X • X h- U— >* • h 
1 0 5 7bS 1 0 8£Drt<D 1 Oib^LTfeO, COt- 
tfX • X h • ^ bOf— ^*^#ii*?fttX 

h U— • n.- -V h 1 0 4 £*5(,->T?}££tt;fc:;&:£>{4\ 

t4M^?ti§ 0 su «*5iiMS(fe«^ia»snTv^ 
x^t4, -y— trx • x h u— v • ho##3i^^ 

[0035] &&%;nnmKi3^x. mz&MS&T-f 

X^-n-^h (WAD) , B.\)lZ>m%&frffi fiEX h U— 

i/ • 3.- >y h i o 4 14, -t^tco r«$ji*ij mmm 

(ex hT-TS) tctblcW%&&.ffi&7> b U— ->" • ary 
h 1 0 4«rffiffl-rS3b->§*^?*S-r« 0 *f|B^cr)XKU 

ensciiii:, »irji^n57 ? -^©«* ,t 7c#<^sfc 

SeoT, tt«IW*B»WKiRi±-r*ci:i:3b^joTi/^o 

«*ii*«(fe^ h >" • =L-y bz<&m-?zz tan 

[0 0 3 6] ±&<D£oiZli.m(D&WW&Z<l£lCl±& 
OA>Oli*^5 0 -tjr— tTX • X h U-^ • a-z:^ 

->*-+»"^v/X7 L i A tc»LT^^:{±^(!| i 3o C©^5t 
^aS(4, ft^*^7-rsci:«:^«8fcii»i-r-5<ii:k: 
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»ffix h • 337 HcJ: 0£C£l±ffg<D&»«, 
•t-lfX • XFU-y • 337 YcDWW^Y^^ZfQxD 

ftX h U— S> • 3 - 7 h « l ofc'tfT'fe 0 , 9— 
[0 0 3 7] Xf7^3 0 4tC*5^T. »*a»*ltfeX 

h U-s; • 337 h*ffiffl-r«3b>5*>*St^-rsc i: 

• Sri&#M{iEX h • 2-7 MC*fLT»#j&#:& 20 

STTf -5©fc:&g&i5ffB (-9-— £7. • x h U— 5? ■ 33 
7 h tc« LT« * ii^%^7T 3 <Dfc &K&B»fl|] £ t±*f 
BBftK) £>^$'J i: © 2 o^#ifr -5 c i: KSW*«^T 

[0 0 3 8] (a) #£fLT<^-5 r»#j££ij 3V> 

U iH'M^cto rsafii#ij t±, ^ 

[00 3 9] (b) WADO^iTM*© 

nYVFtOf-^ • yn7^©ifc#ll6fc:;SLfc 
riHffi#2J iH'i^^tfc. CO^iWAD<DtT?iJ 

»s»rj*0>i-r«„ 

[0 0 4 0] (c) WA D^^t^'Dx'— £ • :/ 

Ofe/J^^Cfco CO^JHStt, »#&^ffifiEX b 
-y • 337 KcttLT, gT^lS^Onivi/K^tji 

^ rgBfii#3j «\ wADofS-sfiWJ v— xow 

ffi*\ Sfcti, 3-7>K*^7-rsotcM=S*nfcflfc*c 

[0 0 4 1] C£>-rX Hi0 6 <D^* 7 *ITV"> 
So MM 5 0 1SO*5 0 2«, lT*«(f»» r#^jA 
n-7>'F4 I oy"D>yi7£DS{i:. WA DtDfSSfTjiJ't' 
©ISffl7D77CSi:^^LT^5„ f^SrttL so 
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fc«®5 0 3tt, C£ii*?i<£X F U-i/* • 337 F£ 

[0 0 4 2] 0 4 k:*5t^T, r§#i*2*j ®j 

»£&#-*iH£X h b-v 5 • 337 h5Sfflt5ft 

3 Xf7^3 0 SJCfc^T, 

7 h©«^ji*^x^*^7-rs©^^-rso 9— e 

X • X F l/->' • az7 l-©^ X^tf^TLfc^ Xf 
773 1 1 fC*5l/">T\ 3ll<D#X*«\ *Xh-3Vfcf 
3-£ i o 1 {c#LT=i vyKST^-y*-^!), 

r«*i&*j ■&fl5*^7Lfccfc*ws-r*o 

[0 0 4 3] Xr77"3 0 4 ICSbvr* r#ffj£#j ft 
*»SS-rSt><Dt^^nfc*&{f, Xf77"3 0 6(i: 

• 337 h<D&%ftywicwfrtix. »*ii*«ifex 

M/--/*.a-7 h 1 0 4£<fc39--rex%ff0 0 ^ 
K, Xf77"3 0 7SD"3 0 8(C*3l/^T, 

»*ii*MifeX h U— 5> • M 0 4 *^-^^r§ 

tt«?5^<i^7<0^^iiM-rs) fcfttc, «^jA^?itt 

> F^^0 0 gU t-lfX-XH/— >*-a-7hO 

fiteol Xf7^3 0 7) , Xf7^3 1 0ti:*V>T, 

-7KO^f-feff5>j3^6*»)^n. IT, Xf77"3 

1 Hilfcl^T, 3-7>K^7^7-tr— ^*Xh • 3> 
kfa.— ^ l 0 1 &cj£e,*l3o 

[0 0 4 4] "9— l£X • XM/-y • 3.-7 h(D2X? 
*^7-r*WK, gU »^ii^?i{£X hl^-i/* • 3 - 

^SK:PMLfc*6tf (Xf77"3 0 8) . Xf77"3 1 
2^^t3^/^T. r'-^ii. ttMIISX hU-y • 

7H04 &c»£ji£ft3 0 «iaocoaj»«r^7-rs 

2 nc43U>T, ii« r##jx^j nvyFll, ^ 

><t57^RAM2 0 3W^'JXh 2 1 2t,Cj}Qz. 

«, wTK»u<wwr««t5K, »#ii^Sffixhu 

— s; • 337 h 1 0 4 lZt>W&?Zo -klC Xf7 7"3 
2 2JC*51/^T, 7Wo>hD-7tt, ^7^-7n 
7^Rt>*FUl'^ • yo7^^»#ii^f r -^4>t^fig 
L, CtO^-^^rS^ii^fftX h U— v • 337 h 1 
0 4tcMSo % -klC^ Xf7^3 2 3Stf 3 2 4 tC*3V> 
T, "9— tTX • X h U-~>* • 337 h^COffi^ii^^X 

• 337 hicmc>nrc7 i -2tfW2jh2>-ffi£x h u- 
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#*x*timi-rSo su it-ex • x h >* • ^ 

- y b (DWZ&fr 2 X 5 tfSk1fmc$cT LtcftZ t£ Uf 
77*3 2 3) , 3VhD — ^ 1 0 3«, *X h • 3Vtf 
1 0 HcnWK^T^^-li-^It) (Xf7 
73 2 5) > fLT, ^«£'JXhfr5i:0 r##& 
#j a7VF5:l!t)l< (7f7^3 2 8) 0 « 
t&WiffiX h U->* • =JL-y b^cDT-$<DS^ihfr 

3 2 6{^*5l/^Ts 3>fD- tab • nvtTn.— io 
?10l ten 7>Ft7^7t- i/£jMS 0 
7^3 2 7£*51/'>T, it3Sg#£jA*£X^y\ It— e 
X • X h U— S> • ^-7 hiD^X^^T-r§fci6{C^ 
1&TSo "9— t'X • XhU-v'-a.-^hcD^Xi'*^ 
7Lfct£> Xf773 2 8tC*5^T, £<D r#|fJA^J 

CO 0 4 5] ttSW&ifrmcfct^T, r^^jx^j 3? 
>F{±. 7D7^3 0K 302, 303, 304, 3 
0 6, 3 0 7, 3 0 8, 3 2 1, 3 2 2, 3 2 3, 3 2 
4, 3 2 6, 3 2 7, 3 2 8 JC<fcOT«^SftfdlS&fc: 20 

^©^<DSi?ji**^7 , r state (xf7y3 2 

7) , 3Y>KS7^7t-mxh • n^tfzL— £ 
-\3H6tlS (Xf7^3 2 6) CtA^JSo ftOT, 

[0 0 4 6] g!2©2E|W]»#)£X£ t'X • XhU 30 

AM2 0 3jb>e>, it-ex • TVX^gHfc:^— 
mtfmSfcTjkZtlT^&c I5©Xf7y40 Hi, ;>< 

*U2o 2fpic'<$%fimci£ftrz r##jx^j i&ft©* 

*fEW©S»7?a:4V^ mfcf* FIFO (^cAtlJfe 
^Otc^tt^ (existing) Agf-f • -r— -^JfOCtf) 

e-y h • 77/(1 SSr^ntc^U-rf • 

"f&o fi£oT, Xf7/ 4 0 2tC*3V^T, >"(C 

ffi^iitytutc, ccq*x?«, fi^f-$A , ^t;7 

^R AM 2 0 3<4nc N Tfefc^S^nTI/^V^X^-— AT* 
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&-St,^-*JbM?£LTl^&ttnfcf, Xr7/4 0 3tC 

*5^t, ey h • 77/tfx h7^nt^5t- ex • 

X h • 3l=.V hrf <D-r— £ • 7a7^5> RAM 

2 0 3©4HcR^jA3:n:&tt*U£&P>&l/\, ^fC, Xf 
7:7*4 0 4fCi5l/^T, R AM 2 0 3 f££>C<D^-7-*— * 

«, ^MsnfcT- - -* • t7 h*a*t-r*fca6K, r a 
M2 0 3 Lv>-r— $ tgmattfrTmm-snzo x 

f7/4 0 5tc*5^T,. £rLi^T J -**-ffli^p>ns-9-- 

ex • X h U—is • bfp<DfflV-T— 2 - 7P7^ 

tC»#ji^nTV^P^tC, e7h-777°(i, RAM2 
0 3©4>t(SB#WtC{S#^nSo XT774 0 

6, 4 0 7lC*5(^T, SwOJf-l'-f-^tt, M'Jf 

7n7?^6R AM 2 0 3 ©Etycg^SX&n (SU * 
ttn«*, KCR AM4HC25S) , -f-LT, X^77°4 0 
8tc*3l/^T, ffbW^U -r-T • -r— -9 ^fS^-TStc* 

tc *w^j-r-i' • -r-^e-y h • ^v7kt>mim 

*TIUiift»£nSo 7f774 0 9&Ci5<^T, C<Dff 

^•7a7^l:ftl?n, S20^X^^7t5„ 
^2£D-5fX^*^Tbfc^, iS^^^^-b-^, Sfctt 

Wii**^ i z^x^cigenso 

[0 0 4 7] 0 5(C^?ntcX-r77*«, f-tfX-f 
^ X r> om- 7* a V t> tc X h T ? tifc -r— £ £^ty» * 

Rlt6T*&So ^"Jx.tf, #-0Xh^7'fCi2Ci©7D 

(l ) Si ©7D7i"t'Of-^*MM*), (2)^ 
Mx-X^?rfg^-rstc46(c, a*a?6nfc-r-tS»i:» « 

(3) SfL^-r— ^^:S l c0X"D7^tc*^5i^, 

(4) S2CD7"D7^4 , ^T ? -^^fit^ , 3, (5) £ 
M-7X^?:S»r-rs^i6tc, Sl©7n7^5©SI 

(6) SM^X^^ffS, M8rf Sfc&tc, 

TitB»b, (7) m2©X"P7^tCffLt/-7 ? -'>^^ 
3A^, (8) /<iJt--T • yuvtzmfrftl*). (9) Sf 

-f • yn>y^i:^E{teW*7'^WU (l 0) trLvvs 
U-r-Y^ff^iity,, coS^ 2o©ffijiLtcX*a7'i' 

ISO fc^st Lfe«tJT*«c 4:*cttaSc*S-r-5o 
X h^-i'7 5 4 5 ^gP-a'©7"o7^, ^fcti-r-^TO/o 

^S©T*li^:<, t^TOT'oy^CT'^-trX-rsC 
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T/oj-r-r****. mi 

CO 0 4 8] 7 s — ^TLfift^^tcift^-rSfcfeK:, 
a*»t£X F l/-v> • 3.- y h i o 4 tc#^jAS ttfc'lf 
$g«, ?Vt5'^ • *^'J 2 0 3©rtSP*<***nfc 

A,T?t>S. SEOT, h U-y • 3.- y h 

^7°3 2 2fC*5V>T^nTI/-'S«k-5tC, C ©ttUg* $B 
*ttyNy^/hW7'^oy^*Mf5. H7 20 
tt, »*&*«M&EX F I/— S> • 3.x ^ M 04 

So ftiW«;f-^ • 1/3- K 6 0 1 fct-'v;/** • 7uv 
76 0 2 i:, b V-<=7 • fuW 6 0 Q*'&z.tctil£<D 
gfc?>r-* • 7D7^ 6 0 3 7iM6 0 5 10> gjfc 
(is ^nW±(D , l4tg[n]±4 ; ir^^ (performance gap) 
■7a>y^ 6 0 7 £;&-&A/ZM,">So 
[0 0 4 9] /vy$f • ^P^^Slf Y\y^=7 ■ 7uy? 
6 0 2, 6 0 6(1 t— 2*n9E.-?Z>rziblC<&mt-t2> 
tfl£R£ffft^f$Bfctt£#A,T^5o ^-t'X-XFb 30 
—i/ • =L~y h 1 0 571S 1 0 8(cl?iiSn5f-? 
fngfa^ x— * • ^ny* 6 0 37bM6 0 5<D$>K 
t^TtSnt^So M/-T7-7D7^6 0 6(i, % 
7D7^6 0 2£>iltgl$&3tf— -U&Zo h 
Ul'7'7a7j'60 2S»X«l«H:, ^TOf 
• ^n^^*^H± N **ii*ffi(fea.=.'y h 1 0 4 

[0 0 5 0] ^±^+7^6 0 714, tfflSnS^ 
141^7^6 0 7<Dg6«J«\ IBJOavyHtfWAD 

r^^jA^J 3WK*j!HLT^5Hfc (IP'S, 

F . ray ^«nfi»^tc«< yny ^offiHTMSfiSn 
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tefflLfc^-^fc^trttffifoh^-vv:/ 6 0 7 
UD-K • 7D7f «l?»(CjfA?nT^5o lalfi 
7Vx*#ttlJEiRLk*-Vy:/6 0 7£$t?i/3-F • r 

D^^^iiia-r5©tc9-rsjia^ra©MT% two 

ttJRKft *. 1 ooffllfiJ:^ 7^-7ny>6 0 7 
*<0 7^^^nT(/^t7ni: 1 t,, C£><J:-?&:/n>y7 6 

[0 0 5 1] 7 s — # • 1/3 — F6 0 1 KiraxT, 
• nyha-7ti, feS«fiOTT, «£&a4iflEX h 
U— 2> -az7M0 4 fCgfrI/3 — K^r»frjAty 0 fg 
*rl/3-Kti\ 'N7^-7"D7^fftt^W5 0 M 
£rl/3- F«, »*&*M{fcX r- l/—>* • 3.x y F 1 0 
4^©»^ii^^:f#OTV>-S.WAD(D^'^fT^J4'^ Tff 

M8rl/=i-Ffct. flfe<OM«fU=i-K*\ 
cD^-x— vtcttira^ft/cx— £ • 1/3- Ftcg&BtycM 
(SU ^ISS'JXhfEttffiO^aB 
titf) o £fc, M$rl/3-Ff±, 7V X ^ t) K 
*5t/^T (MP^, t^-TX^ • T— AA^^Xi7©MS^r#l 
^otiiLT, ^<oun— K«<#i&tr^«bic. ^© 
^SE<ora^^Me,tatf*5.*v) x— ^ • 1/3- K 6 

0 KDI-Zi—Z/lcttjjU-gtlZo • 1/3— Kli, j£ 

SO^i6*m^-rSM©fl/3- Kt±> ^S^oaOtDx 

-rx^ • x-^— xtf^wf- ^ • i/3— K^xh7"r§ 

[0 0 5 2] 'N7?*-7'a7i' > ^fcti M/-T^ • 7"o 

37V FISS'J? 7 0 1, 37>F-7K1/X7 0 2, « 
17P77<DS7 0 3, ^O37yFd7KUX7 0 
4, ^FfilSUX htOxi/hU©^? 0 5, W^Wh 
©xyh'J 7 0 6, 7 0 7, ^^'708, SCS 

1 37V K 7 0 9M37VK • i+Xf>->3>7 1 

[0 0 5 3] 3VVKiSB l J?7 0 1 «\ Zl/W • 3>h 
a-^1 0 3CJ:OT»4Sn, #^iA^l/3- KiclM 

1 0 4tc##3ityjgtc, 3Vha— 7«KS'J?fc 1 «rip 

X., mSlJ?^X A FFFFFFFF A tCjSLfc^(COtCMSo X- 
^S^<0-a5i:LT, itMffifeXhl/->'-3-7 
h if" fc X h 7 S nfc ii^ 3 7 v F O ^x- V^ril^j 
ofcB$, SSSiJ?«, ^Ol/S-F^x-vtD^Ogp 

[00 5 4] 3VVF • TF1/X7 0 2fi, 1/3— F • 
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7n^^tf|»«ltJftji»afi7 F U-iS • 3ix>y F 
uvtn£5 2 0/W F£>-r-££:^A,7:^S) o 

#8, gu ^FEi5£uxFtfgfft{cfitfn«\ 'sy^ra 

A/C'l^fc £ Lit, 'vy ^<01fi]O7o >y * 1Elf%&.m 

[0 0 5 5] ^(0a7yKO7KUX7 0 4te\ ^x— 
y^^OUo— Ftf X F72f4VCl^S##iia4iH£X 

b^-KOi^Cli, 0 7 

^it<-1g©-7a^^©7 FUXT&S (CtUi, S&rL' 
3— Fft\ ^©x-^ • U3-F«DfRin*^W 

i&6T&S) „ ^x-v^oattc-r-^ • Un-Ftc 
MiP^nfcM^f bn- FcDii£\ HOT KU 

Xl±, MfTU-^-F^ftg^P^teTFUXT-feS (BP 
■5s MSffUn-Fti, xx-ycD4$g|5^&J-rs#:©-7" 20 
a^iiLT. ^ng#£jfjjvts) o bn- Ftfx-f 

Xi? • T— AfD^ac't'CDa^OUn— KT$5i^K, 

3yha-7[i, a> Fa-5*^n@#^Jg^-rST 
[0 0 5 6] ^»g'JXhOiyhU©a7 0 5«, % 

its WJ 7 hoiy h US4^T^5„ ^Ffii^ 
UXFO&xvhU 7 0 6, 7 0 7t±. WTCKWSn 
S«fc3fc:, +J-— ex • XFU— V - =l—~J bK3i1£W% 

$3i**f(fcX F U— • F«DT Fl/XT&So ^ 

y£VF • ^a-y^tf^FSt^UX Ffc»\ "vy^ 40 

rvfc, ^v-^-^^y^RAM^o^ss^uxh 2 1 2© 

^F5Iy£'JXF«, ^t$7^RAMWiS'Mh 
2 1 2©S£©ttaS*EW*SfcfcfcKSr£n*»^. * 
©ftfeDJC, .tOBifi^St^UXFA^ *s £fc 

So WS'JXHOiyh'J 7 0 6, 7 0 714, 08tC 
jSSnT^Stttliffe, xi/FU<D5l^<DgSai«^5 

?n«„ so 
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[0 0 5 7] S C S I avyK7 0 9Rtf37>K • x 
«fy->3y7 1 0«> ^/hH'7-7a i J'i' 
©»iS8MC**LTffi»Wfc— S©fitffi(CX F TZtlT^ 
So ^^ - 7 0 8«, SCSI 37V F 7 0 9 CD&3 

fflLftl^-r— **dA/P^So SCSI 37>F 709 
-9-— t*X • X F *J • a-7 F 1 0 5 7bM 1 0 8 

Ssi^T. c«3?yKtt, 7H" • 1 0 3 

i:®flf &fclsb<DS C S I (Small Computer Systems I 
nterface) 7*0 ^TV>5„ ^©flfe©^^ 

C SCS [37yF(t ^7^*-7B7^ti^tf 

x+Xf»3>7 lOii, SCSI nvyKO — SPT? 

l±ftVfvfiP^nv>F • t — Z&StS 

So SSf**»ffllKftv^T, 37yH-i«fy>a 

V7 1 0a> H7h--777©^77--?X^Cfffl 

ffio-r— if • :/n-y^jbsx4^y:/£*rcv>3ra 

[0 0 5 8] #%BJ^X F U— S> • U-7^fAtt> GE 

&SVHi, 7W • 3> Fn— • 

U 2 0 4©ftg©£5fc*gi£^>T-r— ^GSSTTSfc: 

X F U— Stttt 

[0 0 5 9] 7W • 3>hn-5 1 0 3A^1T, £■ 
X F U— • =L-V F 1 0 4 7bM 10 8B, mJElcWffii 
LT^Sfr5fr£^ng#7J-£nSg»T;&So Xbl/- 

^HlW^ftPis o£t>. x-^^T^-bXcoS? 
So c©J;5^«{P««, XFU— >*-3L-^y 

rL->y F<D*ji©fi5(i^i:A\ ^S(/^i, -x— 7 
/I/OjgBTfc^A^So 7WoyhD-7fr?>lft« 
SHtt^Tfetl, cn6©fiS[f^t±XFU'-> ; -3L- 

ti^filT'^So 

[0 0 6 0] ©#ii^Mf£X F U-v 7 • 3LX«y F 1 0 4 
OaK^(Ct5l/->T, TU-T • 3>Fo-7 1 0 3 a. 



(14) 



3f FjW 6-1 9 6 3 2 



25 

®2&Mmx b ■ a. - y b tfm^IEIglzmft 

■e-r, mm. W2&&mfexb\s-is • ^.~y bzm 

Pitt R A M *®ttifi1t m&Jffi* * o 

[0061] ia9Rt>*iai oh\ »— ex-xhu-^ 

• rL->V f- 1 0 5 7bS 1 0 8<DftO 1 fetf*BtLfc«^ 
7U-f • 3>hD-7 1 0 3^<tOT3S?e>ni>X^ 

^;l/£OSitniaT'^So Xt7^8 0 Hc&l^T, 561*, 10 
7Wo>hD-7l0 3ti, rtfJi*J 

i^«k5K:. f f MIfiX h !/->' • a - 7 h^I^t 
So Xf7/8 0 2tCt3l/>Ts 7W • 3VFn 

-^{±, MUxfOMSffc^A/Z?, ^5ty£UXh2 1 2 

Xf778 0 3 tCfci^T, • zi>hn-5 

«, SStPSLfc-9— t£X • X h U-i/* • jx—y Mc*fLT 

(£X h U— >" • ar7 h tcwmtcm K> x 

0 4£*5V>T, S5(Pf Lfc-9"— t*X • X hU- 2/ 

— • =L—y b t LTfij^fiJt) 6nTV>fc»#ii^ 
JiffiX M^— 'J • zl-^ h4HcGtf?;£nSo Xf7y8 
0 27!,M8 0 4©fiaiIt±^0jl^nS o <fctc, Xt^T" 
8 0 5tct5l/^Ts -tf-^X^Zai, j&PtLfc+J-— ex • 
X hU-i? • h<D«Me«atff-r«<«i&»M feX 30 

h V—V • =L-y h 1 0 4lc£-z>T, «£j£^*ffe&L 

[0062] Hi 0 09C*^T»- CD7uy>7 8 

^T*^7"T S ©tc&B £ f S Xf V r*^"THTft 
So ***MB«©;fri£*^fc*-*8o;tp<Dii^tf;& 
So gu *^7©»#i&*»ft#, SWLftf^i' 

Sfcf (Xf77*9 0 1) , X-r^^g 0 4tCfcl/^T. m 

tS5, §U 7 7-trX*<£5i;-f SAV m&m*)7* 
-7(t ¥*6fc, m^fcT'fx? • 3.-ybs\<vm2 

©Lfc-r'TX^ • =L-y blc3bfcfrt>W2&%rifzfr<D 

«fc3c ##^E!i^^tSo c<D$agti. m*.&bi so 
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5OXf7^4 0 2, 4 0 3*<5VX£ • h<Dj& 

1 OCDX h U ^:/4>©"r'<T©7'n\y*jb\ ^fzlt± 
%>tt<D7uy5it^^ LT, HS^^LfcSMvx 
* *SB£T S fc46©«#ii*MJc^7 n y 5 ttmfr®. Z 
{XfrQlc. 7uy 9tm#&Q1£Vfrs Sfc«»^jA^ 

tctis^-rso 

[0 0 6 3] 3sL> Lfc^Xi' • =L-y b^om 

gi:L^4e.(f (X7^y:/9 0 3) , *^7©«#jA 
*ftm±. Xh^-i'7 , '4'«^H©ya'y^^MSf'rs^ 

&7uy?(om&%i.K>®ft-e&?>i!>\ turnvtcr-rx? 
707^1^ &wf£nrczruy?itm2&mnzmizm 

V^V^o C<D^^CfcV>T, Xf77"9 0 6tCt3VT^ 

^***aci:»£:J:oT*^7©»#ii*»f^*^7-r 

[0 0 6 4] UT* jSWUfc-r-TX^ • 3. 

-7h 0 Rt>*« ^ii* T f -fe X -T S 

m& (707^9 0 3*^© r-rxxj cd^k) *^ 

So C<DW^C43VT> iSOOt^TW-^-Xh 
U— ^-n.— yb • 7"n^^^-g-Cy+)-— kfx 

•XhU->*-a-7hW) fOISIDX h^-l'^tf© 
ya^^ti. X-7^^^9 0 7tCt3V^T, it^^ftSfr 
(Sfcti, SSr^Sfc-TS) . Xf77 p 9 o 

nSo Xf779 0 9(CfcV^T. cogp^^^jx-r 

IStl, 7r77"9 1 0tCt3l/>T, «fb«/V<Uf^t4, 

Mij^ • 7uy ticmz&Sti&o 
[0 0 6 5] 7U-f • a^bu-^lt. T'fZ.t • a- 

\s4 • 3yhn-7?)W;7^ • ^'J 2 0 3CD4 1 
K£S;fr>"EK 7H" • n>ha— ^{iiKDi 3 ^X^'y 

[0 0 6 6] ±a>OJ;3ti:, *567©»*i&*»f^36 
7Lfc^(C ffMMIS7H/->*-a-7htt, ft 
ps=!bfc-9— ex • X h \s—*J ■ =L-y HOlfllSSSC 
£#T-i*So 7Wo>hD-7(i, teP$Lfc^-e 
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x ■ x h u— >* • 3L-y htfmw^&mT'Zte^c t 

t. ff^&^fteX h U-*J • =L~y htf&PHLfctJ— 
fcTX • X h U— V> • =L—y htplCmlCaZftT^^tiT"— 

^©mi'tt^M«T-rs„ ftps u *:+>-- ex - xhu- 
su ^teiscT^ay^'t'fcii^-rsctfe-e* 

5o C©«fc5ftfttfl£H£&ffi«\ 1 9 9 0^6^2 1 
BtcWPLfcJKS^fFto^S 4 2 2 1 6^tcie«^n 

[0 0 6 7] 7W • n>ha-^£0^^->J<DF , 9^fi 

^l— ^ h 1 0 4 ©^tC-^^tXT V>^ 0 7* U-f • 3 V h a 

S^iA^SfcX h U— 5* • 3.x y h*lc«fc*rU^*» 

70^t5yi' • ^t'J't'CD- KU f Lt, Xh 
U— i/ • -9-^^X-rAcD«fig^f / F^.fci6tc, fO'JXh 

V • 3.xy hffOSt^fLVjfefillgUX Hi, 9%&fr 

[0 0 6 8] 13 1 1 It. §#&34ifeX h U— V s • 3.x 
7M0 4fr5>, «&#rU^*S8SUX 

S^X^^y^-rHTfe^o • 3>hD-7 1 

0 3 It, 9ff. littCWA D 1/3- K©7 K UXCHIf 
^^iffgltR AM 2 0 4 4 J £>U3— K2 1 1 ?t=f-X."J V 30 

nfcf (Xf7^1 0 0 1), Xf7yi 0 0 2£iJV> 
T, 5i£E£>l/3— Ktt, -r-YX^O^ttCBg^JcfeV 

tc£3M£rU3— F^fci6©^\y:?T*&3-r— £ • U3 

— Yoyvy?*, mrcit. yx-^rvb-snrmiz, 7 

-YX^±tcB*'>nfcS : S]<DU'3— KO'N^^Ofito 
T65o SL. TOlttRAM2 0 4Ort§*^iT'$ 40 
ftfcf (Xf7^1 0 0 1), Stft©L/3-F«^«fg1± 
R AM*tC«&£ftfc7FUXffi£«fcOT^£ft7£U 

n£><DT\ ff^iA^ittX h U-y • 3.xy ht><D«fl] 
£>7 FI/X&C&.SU3 — F«k9t>, It> WAD1/3- 

i£#4H£X h U-~>* • =L-y h*©l/3- F^f-x-^ 
Mft<Dlf^T-&«fW3;ii:#-C*#£o • 3> 
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[0 0 6 9] gu 'vy$r- 7ny^6 0 2<D7f-;l/ 
F7 0 9lCt3l,^T#^^nfc=iH'>'F©Jl^*' ! , OTfc 

3) (xf7yi 004) . ^*j*i65.nfc{!is^fe§ 

'V^tt, *fc3rU/^Bfc£'JXF ^U 
t, 7f77"l 0 1 2{C*5I^T, C £0^5SS U X h «U 
ZH' • nvha— : ?<r>#-4-fS.W • 2 0 3 4" 

CD-K?n5o Xf77"l 0 0 4Kfil/>T, gU => 
vyKOlJA«0f4ttn(f, 'vy*"- 7n7^af- 
£ • 1/3- FO— gPTfeSo $UC, 7x77*1 0 0 51C 
*5t/->T, 7W • 3>hn-7(t nvyKOlSCJ: 

fcf 1 -* • 1/3-KOH/-Y5 • T/nry*%BI*15iSo 
&fc:, Xf77 1 0 0 6{Ci5l/^T, 7H , -3VhD- 
^tiM/-!'^ • 7P7^t'\7^- 7av? t*ftM? 

©»s?i&*«\ ^7^thW7^itiifn^o 

— Ff±, rx-y©|?t)i:^n, LT\ ^7^-70 
'J7hT*$5. Xf77l 0 1 2tc*5t^T, 7U-T-3 

>hD-7it c«yx h^wt57^ • ^y^Hc 

a-Kt5„ gU HH'7-7a7^'\7^.7a 
^^fclWIDTSntf, Xt771 0 0 7tC*5l^T, 7b 
^oyho-^li, »*ii*M(£X h U-v 1 • a-7 
hCf <D^01/3- KCA'y^I^So l<D1/3- 
Ft±, llffi(DU3i-F©^^^^:©7'FUX • — 
;1/F7 0 4tfev^T#^^nfcTFUX©i:C5{c{uH 
Mt^nSo iU ^©U3-K©'\7?©7-1'-;VK 
7 0 1 C*31/''T#S?nfc=lT>FS!ISlJ?* , «SftOU3 

- FOHffiU^J: •? < fctttttf, Xf77l 0 1 2 
(cfcV^T, 1/3- F<D)iim±, SiJfpiA^nTfct), 

Tv ^ffi©L/3— F*->P>O^SSS«JXHi, StSfLl/> 

^>y^©3 t> KM8>J7^ 3Sffi<DU3- FO^-y^J; 
•? fe 1 -=>rcV7<%<>fftl£ CXf77 1 0 0 8) , ^(DU 

^■ti. xf77i oo9k*3(/^t, ^©U3- fa 1 * rn 

SOJ L/3— FKfcSo ^fc, Xf77l 0 1 0^*5^ 
T, 7W-3yhD-7(t iH5E£DU3— KAlOf 

• U3-F*\ Sfctt. MiTL/3-FA^j*S-r^ 
fci6tc, I601/3- ^7^^ X7^t5o S 
L, ^tttfSSfUn-F (3^>F£07' FI/X • 
yl/F7 0 2 fcRIU-efcS* o^0U3-F3b^tig#^ 
^1-5^l/3-K07KU7 • ;UFtC<tOT 
S^?tl5) Tfetltf, ^x-VC^tCfiMLTts 

Xf77l 0 1 2JC*3V''T, ^01/3— KC\7 

^e>oc»^fiiS';xhti^^'j' : fta-F?n5c x^ 

771 0 0 8IC8W, gU mtEVU^—YtmOT 

• U3-FT'^nif, ^o^AJi, Xr77l 0 
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0 0 57bM 1 0 1 O^JtOig-To 
[0070] 12! 1 2 13\ II 1 tCTj^nfc^nS/— 
§ffl^TW£'JX h**«l02ftfc&, ^StSU X He 

<DT\ tftjAgsft&^x-* • :7"cry^i:iW]i;xh^ 
^WSfeOt L&tfnfcJ:&P>&t,\, ^©££31, El 5 10 

**#t&^f<fex h u-s; • ^- >y h i o 4 frzmm 

L> LT> 2Vt-5^ ■ ^tU 2 0 SttH^cDT*- 
^^h7t5„ Xt^T/I 1 0 2(C*5t^T, 7 

*^46So ^C, Xf^l 1 0 3tC*3t/^T, Tl^-Y • 
nyhn-?!^ »£jAg;ti37"*-£ • 7cry M 

ii-f 3-t-trx • xhu— V • =i—y btpicmz&fr. 
fit, m^'SVT-fzmztcMz. mz&ztitc? 

ain^fiiii-rso xfy^i 1 0 2 so* 1 1 0 3©£&Ji 
^■tf-i^iia^s-rso xfy-zi 1 0 4(c 

ty 0 Xf^yi 1 0 271M1 1 0 4M\ ^ffiSUX He 

Hrsr^T©iwta%7-*ttssT (XT^y-yi 1 0 

5) fUJigSnS. Xf7yi 1 0 6fcfeV^T, 

tO 0 7 1 ] &WfcgSfiS0l|lCi3^T» 1 • 3 40 

^tfttKLfclfr&KU nvt"zL-^ . ^X-rA^ffrftt* 
!8Ke«>4fcii>»-:, «a©JES3Vhn— 
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SOnvhD-^A'TLSS^fiiSUX K nTi/FOf-f 
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